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a b s t r a c t
In Takotsubo cardiomyopathy (TCM), ST-segment elevation, T-wave inversion, and QTc prolongation are
the most common electrocardiography (ECG) ﬁndings during acute and subacute periods. Right
ventricular apical (RVA) pacing produces a left ventricular electrical activation sequence resembling a
left bundle-branch block, and the ST–T segment changes are usually discordant from the QRS complex.
Several cases have reported that abnormal ECG manifestations in TCM could be detected even in patients
with a paced ventricular rhythm. However, ECG manifestations in TCM have not been well characterized
in patients with RVA pacing. Here, we report a case of a 76-year-old woman with RVA pacing who was
diagnosed with TCM after she experienced acute bronchitis. To the best of our knowledge, this is a rare
case, showing that signiﬁcant QTc prolongation and concordant T-wave inversions during full RVA pacing
were longer and deeper when compared with ECG ﬁndings in past reports. The ECG ﬁndings eventually
improved with a similar course as those in TCM patients without RVA pacing.
& 2014 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.
1. Introduction
Takotsubo (ampulla) cardiomyopathy (TCM), a well-known
cardiac syndrome, is characterized by transient apical ballooning
resulting from an unknown etiology, electrocardiography (ECG)
changes, and minimal myocardial enzyme release that occurs in
the absence of signiﬁcant organic stenosis or coronary artery
spasms [1–4]. Although several reports of TCM as a complication
of permanent pacemaker implantation and ventricular-paced
rhythm have been described [5–10], the ECG manifestations of
TCM in patients with right ventricular apical (RVA) pacing have
not been detailed.
We report the case of a patient with TCM who had common
ECG changes despite the presence of RVA pacing.
2. Case report
A 76-year-old woman with hypertension, diabetes mellitus,
dyslipidemia, chronic pulmonary emphysema, and a 4-year history
of VDD pacemaker implantation for a 2:1 atrioventricular block
was referred to the Department of Respiratory Care in our hospital
in November 2011 with a chief complaint of sore throat, produc-
tive cough, and general fatigue. She was diagnosed with acute
bronchitis and treated with levoﬂoxacin and ﬂuticasone oral
inhalation. After 8 days, she was referred to the Department of
Cardiology in our hospital because the patient's symptoms per-
sisted. On examination, her blood pressure was 108/58 mmHg and
the pulse rate was 66 beats/min. However, her N-terminal pro-
brain natriuretic peptide level was elevated to 726 pg/mL (normal
o125 pg/mL), and other routine hematological test results were
unremarkable with a normal-troponin T level (negative), a crea-
tine phosphokinase level of 62 ng/mL (normal o160 ng/mL), and
a creatine kinase MB level of 5 ng/mL (normal o9 ng/mL). Chest
radiography indicated no lung congestion or cardiomegaly.
A 12-lead ECG showed an atrial-sensed and ventricular-paced
rhythm with signiﬁcant QTc prolongation (QTc interval¼670 ms)
and new T-wave inversions in leads I, II, III, aVF, and V2 through V6.
There were especially deep T-wave inversions in the precordial
leads (Fig. 1). Echocardiography showed severe left ventricular (LV)
apical akinesis and hyperkinetic contractile function of the basal
LV segments. Because acute coronary syndrome could not be
excluded and a cardiac catheterization laboratory in our hospital
is absent, the patient was urgently transferred to the Department
of Cardiovascular Medicine of Saga University on the same day.
Pacemaker interrogation revealed an acute increase in the RVA
pacing threshold from a baseline value of 1.62 V at 0.6 ms to
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2.125 V at 0.6 ms, and the right ventricular pacing lead impedance
was decreased from a value of 1173 to 740 Ω. The R wave
amplitude was not measured. Cardiac catheterization performed
on the third hospital day showed no signiﬁcant coronary artery
disease (provocation tests for coronary vasospasm were not
performed) (Fig. 2), but left ventriculography showed mid-to-
apical akinesis with basal hyperkinesis and apical ballooning
(Fig. 3). Therefore, she was diagnosed with TCM and treated with
conservative therapy. Follow-up echocardiography on the ﬁfth
hospital day showed almost complete resolution of the LV apical
ballooning with only mild residual LV apical hypokinesis. On the
11th hospital day, she was asymptomatic and discharged.
Three weeks after discharge, her ECG indicated persistence of
T-wave inversions in leads I and V3 through V6, although their
values had decreased, and the QTc interval had normalized (Fig. 1).
Echocardiography demonstrated complete recovery of regional LV
wall motion abnormalities. Two months after discharge the ECG
returned to baseline (Fig. 1). The RVA pacing threshold and right
ventricular lead impedance values were restored to 1.62 V at
0.6 ms and 1068 Ω on February 7, 2012, respectively. The R wave
amplitude was 8.0 mV; there were no changes in the R wave
amplitude around the time of TCM onset. However, arrhythmia is
often observed in TCM patients, but no arrhythmias had been
recorded by Holter monitoring of the implanted pacemaker.
The informed consent was obtained from patient for publica-
tion of this case report and accompanying images.
3. Discussion
Sato et al. [11] ﬁrst reported TCM in 1990, and thereafter,
numerous cases were reported in the late 2000s. In 85% of the
cases, TCM onset was preceded by an emotional or physical stress
event, however, in 15% of the cases, the presence of a stress trigger
could not be detected [2]. Most patients with TCM are postmeno-
pausal women between 62 and 75 years of age [1]. Our patient
was particularly nervous and had a low tolerance for stress.
We speculated that the patient protracted acute bronchitis that
triggered TCM. The age and clinical course of our patient were
consistent with typical TCM patterns.
Several cases have been reported on TCM in patients with RVA
pacing during the acute and chronic phase after pacemaker
implantation. Kurisu et al. [5] described two cases that developed
TCM with implantation of a permanent pacemaker. In their cases,
the ECG showed ST-segment elevation. Abu Sham’a et al. [7] also
reported a case with TCM which appeared following implantation
of permanent pacemaker. The ECG of their case showed prolonga-
tion of the QTc interval up to 540 ms and non-speciﬁc ST–T
changes. Wissner et al. [8] described a case of TCM with inter-
mittent pacemaker failure due to transient deterioration of the
RVA pacing threshold. Their patient's ECG showed deep T-wave
inversions in the inferior and precordial leads during atrial pacing,
in addition to atrioventricular dissociation, complete heart block
with junctional escape rhythm, and intermittent failure of the
RVA pacing. Rorondi et al. [9] described a case of TCM in a patient
with pacemaker syndrome. Initially, this patient's pacemaker was
programmed to the DDDR mode at a lower heart rate of 60 beats/
min and no QTc prolongation or T-wave inversion was observed on
the ECG. The pacemaker was reprogrammed to the VVI mode at a
heart rate of 70 beats/min, with hysteresis at 30 beats/min, to
maximize her own beats. After reprogramming of the pacing
mode, the ECG showed sinus bradycardia at 33 beats/min without
pacing, QTc prolongation, and T-wave inversions in the inferior
and precordial leads. T-wave inversion is frequently detected after
RVA pacing as cardiac memory. Therefore, it may be difﬁcult to
differentiate whether their two patient's T-wave inversions were
due to cardiac memory or TCM. Although QTc prolongation and
T-wave inversions during RVA pacing have only been previously
V6
V5aVL
aVF
3 weeks later1 month before On admission
I
II
III
aVR
V1
V2
V3
V4
8 weeks later
Fig. 1. The time course of the 12-lead electrocardiography (ECG) procedures: On
admission, new T-wave inversions and QTc prolongation (670 ms) in leads I, II, III,
aVF, and V2 through V6 were observed. After 3 weeks, inverted T-waves converted
to positive T-waves in leads II, III, aVF, and V2, and the prolonged QTc normalized.
Eight weeks later the ECG returned to baseline.
Fig. 2. Coronary arteriography: Coronary arteriography performed on the third
hospital day showing no signiﬁcant coronary artery disease.
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reported by Chauhan et al. [10], the QTc prolongation and T-wave
inversions were not signiﬁcant.
The most important ﬁnding in the present case is that the ECG
showed signiﬁcant QTc prolongation and deep T-wave inversions
during full RVA pacing that were longer and deeper when
compared with the ECG ﬁndings in past reports, and eventually
improved at a similar course as those in TCM patients without RVA
pacing. Since our patient had been followed by a respiratory
physician for the ﬁrst 8 days of symptom presentation, an ECG
was not performed at that time. If an ECG had been performed at
an earlier time, ST-segment elevation may have been recorded.
Abnormal ECG manifestations in TCM could be detected even in
patients with paced ventricular rhythm. However, ECG manifestations
in TCM are variable and may be difﬁcult to analyze in patients who
have RVA pacing.
4. Limitations
Pacemakers have a Holter monitoring function. The pacing
threshold and R wave amplitude are also recorded in implanted
pacemaker memory. These data provide us with very important
information. Unfortunately, the R wave amplitude around the
onset of TCM was not measured.
5. Conclusions
We experienced a rare case of a TCM patient who had common
ECG changes, despite the presence of RVA pacing, which even-
tually improved at a similar course as those in TCM patients
without RVA pacing.
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Fig. 3. Left ventriculography: Left ventriculography showing mid-to-apical akinesis
with basal hyperkinesis and apical ballooning.
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